There are a substantial number of manor houses with parks in Croatia but their flora has not been systematically researched. The paper presents systematic research into and an analysis of the flora in the Lužnica manor park near Zaprešić, Northwestern Croatia. Lužnica Park spreads over an area of about 8 ha, presumably dating back to the 18 th century and laid out after the construction of the manor. The estate also comprises farm buildings, vegetable garden and orchards, which all make a functional whole together with the main manor house. This research has established the presence of 342 plant species belonging to 233 genera and 80 families, 80 taxa of which belong to ornamental flora (a.s. planted) while 262 are spontaneous species. The flora has been analysed according to taxonomy, chorology, life forms and protected species status. It was also compared to some similar areas in the continental part of Croatia. According to the chorological composition and life forms, the Lužnica park flora is not significantly different from that in the compared areas. Nevertheless it is important to note that the park, although the smallest of the compared areas, abounds in a relatively large number of species, 6 of which are strictly protected by law. Therefore, we recommend that Lužnica park to be officially recognised as a protected area. U Hrvatskoj postoji veći broj dvoraca s perivojima, ali ne postoje sustavna istraživanja flore u njima. Napravljeno je sistematsko istraživanje i analiza flore perivoja dvorca Lužnica kraj Zaprešića u sjeverozapadnoj Hrvatskoj. Sam perivoj zauzima površinu od oko 8 ha. Unutar njega nalaze se i gospodarski objekti, kuhinjski vrt i voćnjak koji zajedno s dvorcem čine funkcionalnu cjelinu. Pretpostavlja se da je perivoj nastao krajem 18. stoljeća nakon što je izgrađen dvorac. U ovom istraživanju u perivoju su utvrđene 342 biljne svojte. One pripadaju u 233 roda i 80 porodica. Od toga broja su 262 svojte samonikle, a 80 uresne. Flora perivoja je bila analizirana taksonomski, prema flornim elementima i zaštićenim vrstama. Usporedba sa sličnim područjima u kontinentalnom dijelu Hrvatske pokazala je da se bitno ne razlikuje od tih područja. Međutim, ona sadrži relativno velik broj svojti na malom području i 6 strogo zaštićenih svojti, tako da preporučujemo da perivoj dvorca Lužnica postane zaštićeno područje.
INTRODUCTION
Nothwestern Croatia boasts a number of manors that are invariably surrounded by large parks, the first of which date from the 17 th century (Opeka near Varaždin, Klenovnik, Lobor) (Šćitaroci, 2005) . The first parks were small and modelled in the French style, while the 19 th century brought parks that were landscaped in the English Romantic tradition like Jastrebarsko, Gorica near Pregrada etc. (Marković, 1975; Šćitaroci, 2005) .
A park is a highly cultivated green area that may or may not be fenced. Originally, they were the sites of social events and they tend to be smaller than public parks, more cultivated and less accessible to large numbers of people.
Generally, there are insufficient data on flora of the parks around Croatian manors. Exceptions are in the Slavonija and Baranja Region (Eastern Croatia) (Rauš, 1977) for which a comprehensive lists has been made, if only of ornamental dendroflora, and Trsteno Arboretum (the Southernmost part of Croatia) (Kovačević, 1998) , where spontaneous vegetation was studied too. Since these are the first complete data on the native and ornamental flora of a manor park in Croatia, the purpose of this research was to perform a taxonomic, ecological, and geographic analysis of the Lužnica manor flora.
MATERIALS AND METHODS

Study area
The Lužnica manor is situated several kilometres west of the town of Zaprešić, not far from the A-road towards the neighbouring Republic of Slovenia.
The first record of the Lužnica manor dates back to 1791, but as it refers to an extensive reconstruction, the castle is assumed to be much older (Šćitaroci, 2005) . In the 19 th century an annex was built to what is today recognised as a first category monument. Since 1925 the castle has been owned and run by the Sisters of Charity of St. Vincent de Paul. They have always used it for charity and educational purposes and currently it hosts a Spiritual-Educational Center, Mary's Court (Šćitaroci, 2005; Turalija et al., 2010) .
The park itself covers an area of about 8 ha including farm buildings, arboretum, vegetable garden and orchard making a functional whole together with the main manor house. It is assumed to date back to the 18 th century and to have followed the construction of the manor. There are no historical data about the time of the introduction of ornamental plants in the park. At the beginning it featured the characteristics of an English park but subsequently some elements of Romanticism were introduced, such as stone blocks, agaves and a lake, which is evident from the picture postcards from the beginning of the 20 th century (Šćitaroci, 2005) . Although Lužnica manor is protected as a first category cultural monument its park is still not protected as a horticultural monument.
The climate in the park's area is modestly warm with warm summers and is type Cfb, according to Köppen's classification (Šegota & Filipčič, 2003; Zaninović et al., 2008) . In the period 1996-2013 the mean annual rainfall was 945.1 mm and mean annual temperature was 10.9 0 C for the station of Šibice in the vicinity of the Lužnica manor (data obtained from Meteorological and Hydrological Service of Croatia). In the winter, snow is of common occurrence and persists 25-40 days (Feldbauer, 2004) . 
Data collection
Field research in the park's area was performed on 6 occasions -in March, April, May, June, July and September of 2010. The plant species were identified by the use of the following keys: Domac (2002) , Eggenberg & Möhl (2007) , Javorka & Csapody (1991) , Johnson & More (2004) , Lauber & Wagner (2007) , Marcell & Csaba (2010) , Martinčić et al. (1999) , Mikolajski et al. (2008) , Roloff & Bärtels (2008) , Rothmaler (2007) Šilić (1990) , Tutin et al. (1964 Tutin et al. ( -1980 , and Tutin et al. (1993) .
The names of the plant taxa and taxonomical solutions are taken for spontaneous flora from the Flora Croatica Database (Nikolić, 2015) and for ornamental flora from Erhardt et al. (2000) and Roloff & Bärtels (2008) .
Data processing
The flora of the park has been divided into spontaneous and ornamental taxa. The latter were planted while the former sprouted and developed on their own. In this paper, term taxa refers to genus and all lower taxonomical units (species, subspecies, varieties, hybrids and cultivars). Life forms according to Raunkiaer (cf. Frey & Lösch, 2004) and chorotypes of the recorded flora were analysed. Chorotypes for most taxa have been harmonized according to Horvatić (1963) and Horvatić et al. (1967-68) . For some taxa the chorotypes have been given according to Pignatti (1982) and Tutin et al. (1964 Tutin et al. ( -1980 , Tutin et al. (1993) .
The spontaneous taxa have been divided into native and alien (adventive) taxa. The former are considered to be those whose natural distribution area is the researched area while the latter refer to those that were intentionally or accidentally brought into the researched area . Invasive alien species (IAS) are defined as naturalized plants that produce reproductive offspring, often in very large numbers and at considerable distances from the parent plants and thus have the potential to spread over large areas (produce reproductive offspring more than 100 m away in less than 50 years through generative reproduction and/or more than 6 m in three years through vegetative reproduction (Richardson et al., 2000; Mitić et al., 2008) . The invasive alien species in the study area were marked according to .
The flora analysis has been performed according to the threat level to the species and their habitats. The species have been categorised by threat levels according to Nikolić & Topić (2005) and Nikolić (2015) .
Strictly protected species were determined following Anonymous (2013) .
RESULTS
Taxonomic analysis of the flora
The research has documented 342 plant taxa belonging to 233 genera and 80 families, 80 species of which are part of the ornamental flora while 262 are spontaneous taxa.
Tab. 1. Floristic list. Abbreviations: H -hemicryptophytes, T -therophytes, P -phanerophyte, G -geophytes, Ch -chamaephytes, Helo -helophytes, Hy -hydrophytes, CHol -circumholarctic, cos -(sub) cosmopolitic, Eu -Europa, N Am -North America, S Eu -South Europe, C Eu -Central Europe, EuAs -Eurasia, SE Eu-Pont -South Europe-Pontic, MedMediterranean, Illy -Illyrian-Balcan, adv -adventive, cult -cultivar (ornamental), SPstrictly protected by law, IAS -invasive alien species. 
Chaenomeles speciosa (Sweet.) P As Cotoneaster horizontalis Dene. P As Crataegus laevigata (Poir.) DC. 
Hippocastanaceae Aesculus hippocastanum L.
P As
Simaroubaceae
Ailanthus altissima (Mill.) Swingle. 
The most abundant families in the spontaneous flora are: Poaceae with 26 taxa (9.5%), Asteraceae with 23 species (8.4%) and, Rosaceae with 17 taxa (6.2%). If combined, the Asteraceae and Cichoriaceae families form the most abundant Compositae family accounting for 13 % of all taxa in the spontaneous flora.
In the ornamental flora the most abundant families are Rosaceae with 14 taxa (17.5%), Cupressaceae and Pinaceae with 5 taxa (6.3%) each, and Caprifoliaceae, Lamiaceae and Hydrangeaceae with 4 taxa (5,0%) each.
Life forms analysis
The most common life forms in the spontaneous flora are hemicryptophytes with 123 taxa (46.9%), followed by therophytes (21.4%), and phanerophytes (16.8%). The geophytes are represented by 30 taxa (11.5%) and chamaephytes by 7 taxa (2.7%). Helophytes and hydrophytes were represented by only one taxon (0.4%) each (Fig. 2) . Taking into account the whole flora of the park (ornamental included), the ratio of the hemicryptophytes falls to 39,8% and that of phanerophytes rises to 30,4% (Tab. 3).
Chorotype analysis
Chorotype analysis was performed only with respect to spontaneous flora (Fig. 3) . The most taxa in the spontaneous flora belong to the Euroasian chorotype (95 taxa), followed by the (sub)cosmopolitan chorotype (47 taxa), and by the European chorotype (32 taxa). The Illyrian-balkan chorotype was represented by only 4 taxa.
The ornamental flora was analysed according to areas of native distribution (Erhardt et al., 2000) . The most taxa originate from Asia (26 taxa) and North America (14 taxa), accounting for 50 % of the total ornamental flora. Cultivars and hybrids account for ap- Fig. 2 . Spectrum of the life forms for the spontaneous flora of park of Lužnica manor (Hhemicryptophytes; T -therophytes; P -phanerophytes; G -geophytes; Ch -chamaephytes; Helo -helophytes; Hy -hydrophytes).
Tab. 2. List of threatened species and their statuses according to Red Book of Vascular
Flora of Croatia (LC-least concern; NT -near threatened; VU -vulnerable; DD -data deficient). 
Analysis of the alien flora
Of 262 spontaneous taxa recorded in the researched area 243 (92.7 %) belong to the native flora as the Lužnica park is situated within their natural distribution area.
Of 19 recorded alien (adventive) taxa, 16 (6,1%) can be labelled as invasive (Tab. 1). According to Pyšek et al. (2010) , up to 84 (32,1%) of recorded spontaneous taxa are of alien origin. 
Threatened and protected species
The research has identified a total of 10 taxa that have the 'risk of extinction' status according to the Red Book of Vascular Flora of Croatia (Nikolić & Topić, 2005) ; they are displayed in Tab. 2. It is interesting to notice that the investigation has not revealed a single species with critically endangered (CR) or endangered status (EN).
Tab. 3.
Life form ratios (in percentages) for Lužnica and some other seminatural areas in NW Croatia. Jarun (Vuković et al., 2013) , Konjšćina (Stančić, 1994) , Martinci (Martinko, 2009 ), Vukova Gorica (Alegro et al., 2006) , Stupnik (Mitić et al., 2007) , Savica (Alegro et al., 2013) , Maksimir (Mitić et al., in press ). For Lužnica the ratios are presented for complete (spontaeous ad ornamental) flora. Tab. 4. Chorotype ratios (in percentages) for Lužnica and some areas in NW Croatia with seminatural landscapes. Jarun (Vuković et al., 2013) , Konjšćina (Stančić, 1994) , Martinci (Martinko, 2009) , Vukova Gorica (Alegro et al., 2006) , Stupnik (Mitić et al., 2007) , Savica (Alegro et al., 2013) , Maksimir (Mitić et al., in press The park area hosts 6 wild-growins indigenous taxa protected by the Rules on strictly protected species (Anonymous, 2013a) according to the Nature Protection Act (Anonymous, 2013b) (Tab. 1).
DISCUSSION
The flora of the Lužnica manor was researched during the vegetation season in 2010. In the area of about 8 ha, in all 342 species of vascular plants were recorded: 274 spontaneous and 68 ornamental taxs. The most comparable areas with floristic data are the Maksimir Forest Park (Mitić et al., in press) , and the relatively similar area around Jarun Lake (Vuković et al., 2013) -both in the greater Zagreb area. The Maksimir Forest Park is a protected area where the relatively natural grounds were used to create a park by the planting of many tree and shrub species, which is analogous to the Lužnica Park. In the much larger area of 316 ha, 398 plant taxa were found, which makes only 56 taxa more than in the much smaller area of only 8 ha of Lužnica Park. In the 235 ha of the Jarun Lake area, which is designated as a sports and recreation area, 323 plant taxa have been determined (Vuković et al., 2013) . This smaller number of taxa in a significantly larger area than in Lužnica can be accounted for by the fact that far more taxa were planted in Lužnica manor park than in the Jarun sports and recreational park, where fewer ornamental taxa were planted. Besides that, the number of visitors to Jarun is much higher and their activities are more intensive and different in general.
A comparison of the share of families from the same region, such as Maksimir Forest Park (Mitić et al., in press ), Medvednica Nature Park (Dobrović et al., 2006 ), Mount Strahinjščica (Regula-Bevilacqua & Šegulja, 2000 , Vukova Gorica (Alegro et al., 2006) , Stupnik and the surroundings (Mitić et al., 2007) , Jarun Lake (Vuković et al., 2013) , reveals taxa presented in a practically identical order. The greatest share is of grasses (Poaceae) followed by Asteraceae. Likewise if Asteraceae and Cichoriaceae are taken together as one Compositae family they will head the list, both in Lužnica and in the other areas. Therefore, by its relative share the Lužnica Park does not differ from the other areas, which are under more intensive human impact within the same phytogeographical area.
With regard to life forms (Fig. 2 ) Lužnica Park is notably richest in hemicryptophytes, which is usual in a temperate climate zone (Horvat, 1949) . It is also worth noticing that the share of phanerophytes in the total (spontaneous and ornamental) flora in Lužnica is higher than in the other, similar areas. In Lužnica there were 30.4 % phanerophytes, more than in the other similar areas, where the phanerophyts share is 8.9-14.2 % (Tab. 3). This is due to the fact that a greater number of trees and shrubs were planted in Lužnica to embellish the park than in all the other mentioned areas. The share of therophytes points to the intensity of the human impact, i.e. the higher it is the greater the share of therophytes (Pyšek et al., 2010) . The proportion of therophytes share is higher in the Jarun Lake area, (24.77%) than in the Lužnica Park area (17.25%). As the former is a sports and recreational area that is intensively used, at least in the summer season, the impact is undoubtedly higher, which opens more possibilities for the establishment of therophytes as annual plants. In Lužnica Park the most intensive human activities are performed within the context of park maintenance, while all other human activities are less intensive. Walking activities are of low intensity as they do not occur daily as they do at Jarun Lake. The share of therophytes in Lužnica Park is similar to that in other areas in the region (Tab. 3).
The chorotype analysis shows that in Lužnica, as well as in other seminatural areas, Euro-Asian plants account for the greatest share. They are followed in abundance by cosmopolitan plants, which is similar to the situation in most other seminatural landscapes, such as Konjščina (Stančić, 1994) , Martinci (Martinko, 2009) , and Vukova Gorica (Alegro et al., 2006) . Although the numbers of some chorotypes differ up to 10 percent, the ranking of the most frequent ones stays the same. Nevertheless the order is somewhat different in the Jarun Lake area (Vuković et al., 2013) and in the Savica area (Alegro et al., 2013) , where a higher share of Mediterranean species and a smaller share of cosmopolitan plants than in Lužnica or other areas is evidens. These differences are mostly the result of different approaches to chorology (Alegro et al., 2013) .
Of 262 spontaneous taxa, 92,7% are native and 7,3% are alien taxa (Horvatić, 1963; Horvatić et al., 1967-68) , 16 (6,1%) of which are invasive types (Tab. 1). In contrast, based on the list of the alien flora of the Czech Republic (Pyšek et al., 2002) almost 30% alien taxa have been determined in the spontaneous flora of the Lužnica Park. This discrepancy is due to Pyšek's (2002) wider conception of archaeophytes in spontaneous flora. The comparison of the share of invasive species in the flora of the corresponding areas leads to the conclusion that there are more invasive species in the Savica (8.6 %) and Jarun (7.74 %) areas and fewer invasive species in the Stupnik area (3.7%) than in the Lužnica Park. This can be explained by the fact that, unlike Jarun and even more Savica, Lužnica has been maintained and cultivated most intensively, which is why the invasive species are removed more vigorously. Stupnik has fewer invasive species than Lužnica, as it is a rural and urban area of entirely dissimilar characteristics and thus hardly comparable to Lužnica.
Finally, it can be concluded that the rather rich native flora that exists in the very small area and the diverse ornamental flora in Lužnica Manor Park represents an area that lacks and yet deserves some form of protection, either in category of "park" (Croatian: perivoj) according to Act on protection and conservation of cultural heritage (Anonymous, 1999 (Anonymous, -2014 , or as "monument of the park architecture" (Croatian: spomenik parkovne arhitekture) according to the Nature Protection Act (Anonymous, 2013) . Unutar njega nalaze se i gospodarski objekti, arboretum, kuhinjski vrt i voćnjak koji zajedno s dvorcem čine funkcionalnu cjelinu. Pretpostavlja se da je perivoj nastao krajem 18. stoljeća, nakon što je izgrađen dvorac. U ovom istraživanju u perivoju su utvrđene 342 biljne svojte. One pripadaju u 233 roda i 80 porodica. Od toga 80 vrsta pripada uresnoj flori, a 262 su autohtone svojte. U autohtonoj flori najbrojnije porodice su: Poaceae s 26 svojti (9,5%), Asteraceae s 23 svojte (8,4%), Lamiaceae sa 17 svojti (6,5%) itd. Ukoliko se spoje zajedno porodice Asteraceae i Cichoriaceae u porodicu Compositae, onda ta porodica postaje najbrojnija s 13% svojti. U uresnoj flori najbrojnija je porodica Rosaceae sa 14 svojti (17,5%), Cupressaceae i Pinaceae s po 5 svojti (6,3%) i Caprifoliaceae, Lamiaceae i Hydrangeaceae s po 4 svojte (5,0%). Analiza flornih elemenata u autohtnoj flori pokazala je da najviše svojti pripada euroazijskom flornom elementu (95 svojti), zatim po brojnosti dolazi (sub)kozmopolitski element (47 svojti), europski element (32 svojte), adventivne biljke (19 svojti), dok je ilirskobalkanski florni element zastupljen sa samo 4 svojte. U uresnoj flori najviše je azijskih (26), kultivara (18), sjevernoameričkih (14) i hibridnih (8) svojti. To iznosi oko 75% ukupne uresne flore, a u ostalih 25% su svojte iz Europe, Euroazije i Južne Amerike. Od 262 svojte samonikle flore koje su zabilježene na istraživanom području autohtonoj flori pripada 92,7% svojti. Pridošlica je zabilježeno 19, od kojih 16 možemo označiti invazivnim. Na istraživanom području utvrđeno je ukupno 10 svojti koje imaju određeni status u Crvenoj knjizi vaskularne flore Republike Hrvatske. Na području perivoja zabilježeno je 6 vrsta koje su strogo zaštiće-ne Pravilnikom o strogo zaštićenim vrstama. U usporedbi s nekim drugim sličnim područ-jima iz iste biljnogeografske regije, može se reći da perivoj dvorca Lužnica ima relativno velik broj vrsta na vrlo malom području od samo 8 ha i da zavrjeđuje određeni oblik zaštite kojeg za sada nema, za razliku od samog dvorca koji ima status zaštićenog spomenika kulture.
